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Abstract
Traditional cryostats for scientific experiments in pulsed high magnetic fields use liquid helium as the cooling source. To reduce 
the running cost and to increase the operational efficiency, a cryogen-free cryostat based on a GM cryocooler has been developed 
for a 60 T pulsed field measurement cell at Wuhan National High Magnetic Field Center. A double layer temperature-control 
insert was designed to obtain a stable temperature in the sample chamber of the cryostat. In order to eliminate the sample 
temperature fluctuation caused by the eddy current heating during the pulse, the inner layer is made from a fiberglass tubing with 
an epoxy coating. Different from the traditional cryostat, the sample and the temperature controller are not immerged in the 4He 
bath. Instead, they are separated by helium gas under sub-atmospheric pressure, which makes the heat transfer smoother. At the 
sample position, a resistance heater wound with antiparallel wires is mounted on the inner layer to heat the sample. Using the
temperature-control insert, the temperature can be controlled with an accuracy of ±0.01 K in the range of 1.4 K-20 K, and
±0.05 K between 20 K and 300 K.
© 2014 The Authors. Published by Elsevier B.V.
Peer-review under responsibility of the organizing committee of ICEC 25-ICMC 2014.
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1. Introduction
A measurement cryostat is one of the basic tools for scientific experiments in pulsed high magnetic fields [1]. In 
order to obtain temperatures of 4 K and below, traditional cryostats (e.g. [2] helium bath cryostat and helium-gas-
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flow cryostat) for scientific experiments in pulsed high magnetic fields use liquid helium as the cooling source. 
Because of the high price of liquid helium, a first generation cryogen-free cryostat based on a GM cryocooler has 
been developed for a 60 T pulsed magnetic field measurement cell at Wuhan National High Magnetic Field Center. 
The first generation cryogen-free cryostat has an extension of 16 mm outer diameter and 8 mm sample space. In the 
first generation cryogen-free cryostat the temperature stability is unsatisfying especially from 5 K to 20 K [3].
After several years of development, Wuhan National High Magnetic Field Center has designed a 60 T pulsed 
magnet with a bore diameter of 21 mm. In order to develop a new cryogen-free cryostat with a greater stability that 
can be inserted into a 60 T pulsed magnet with an inner diameter of 21 mm, we designed and fabricated a second 
generation cryogen-free cryostat based on a GM cryocooler (model RDK415D with compressor F-50H, 1.5 W @     
4.2 K) with a temperature-control insert. Experiment results show that the second generation cryogen-free cryostat 
has a higher stability for scientific experiments in pulsed high magnetic fields.
2. Design and experimental setup
Fig.1 shows the sketch of the measurement setup with the cryostat. The outer diameter of the tail is 18 mm, 
which is 3 mm less than the inner diameter of the pulsed magnet (the magnet bore has a diameter of 21 mm). The 
distance from the top of the magnet to the center region of the coil is 120 mm. The length of the tail is 230 mm, 
which ensures that samples can be inserted into the homogenous field area of the magnet.
Fig. 1. Schematic of a measurement setup with the cryostat. a – helium gas cylinder; b – pressure regulator; c –helium gas inlet valve; d – helium 
gas cold trap; e – spiral heat exchanger; f – helium condenser; g – tube for pressure measurement; h – magnet; i – temperature-control insert; j –
liquid nitrogen; k – pressure gauge; l – needle valve; m – helium gas atmospheric valve; n – vacuum pump; o – vacuum gauge; p – cryogenic 
temperature controller; q – computer, r – vacuum jacket; s – first stage cold head radiation shield; t –LN2 Dewar.
The helium gas is supplied by a standard 40 l helium gas cylinder equipped with a pressure regulator. The helium 
gas inlet valve controls the rate of the helium flow. The warm helium gas is precooled and purified by the cold trap
mounted on the first cold head within the radiation shield. The cold trap consists of a copper cylinder filled with a
copper mesh. Then, the helium gas is cooled by spiral heat exchangers, which are mounted on the first stage cold 
head, on the second stage cylinder, and on the second stage cold head. The spiral heat exchangers consist of three 
parts. The upper consists of a copper capillary with an outer diameter of 3 mm and a wall thickness of 0.5 mm; it is 
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fixed to the first stage cold head with a hose clamp. The middle consists of a stainless steel capillary with an outer 
diameter of 2 mm and a wall thickness of 0.25 mm, fixed to the second cylinder with 3 hose clamps. The lower 
consists of a copper capillary with an outer diameter of 3 mm and a wall thickness of 0.5 mm, fixed to the second 
stage cold head with a hose clamp. The cooled helium gas is liquefied in a helium condenser that is mounted on the 
end of the second stage cold head. In order to provide an adiabatic environment, there is a vacuum jacket mounted at 
the outside of the cryostat. The pulsed magnet is installed at the bottom of the cryostat and cooled by liquid nitrogen 
in the LN2 Dewar.
A pressure gauge, which measures the pressure in the sample space and helium condenser, is connected to the 
sample space with a thin tube. In order to obtain temperatures below 4.2 K, a vacuum pump is used to pump the 
helium gas through the pumping port; the vacuum is controlled by a needle valve and monitored by a vacuum gauge.
A double layer temperature-control insert is mounted in the sample chamber of the cryostat. The temperature is 
measured and controlled by a cryogenic temperature controller (Lake Shore, model 331), which is connected to a 
personal computer via a GPIB port.
Fig. 2. (a) Schematic diagram of the temperature-control insert, (b) photo of the inner tubing with the heater. 1 – sample holder, 2 – heater, 3 –
temperature sensor, 4 – sample, 5 – inner helium gas, 6 – middle helium gas, 7 – inner tubing, 8 – outer tubing.
Fig.2 shows the schematic diagram of the temperature-control insert and the photo of the inner tubing with the 
heater of the insert. The temperature-control insert consists of a closed inner and outer tubing. In order to eliminate 
the sample temperature fluctuation caused by the eddy current heating during the pulse, the inner tubing is made 
from a fiberglass tubing with an epoxy coating [4-5]. The material of the outer tubing is 316L stainless steel. For 
obtaining a stable temperature, a 5ȍHOHFWULFDOKHDWHULV wound on the outer surface of the inner tubing. The sample 
holder, attached with a calibrated temperature sensor (Lake Shore, model CX-1010) and a sample, is placed at the 
center of the inner tubing. The sample holder, the inner tubing and the outer tubing are separated by the inner and 
the middle helium gas. The pressure of the inner and the middle helium gas is 1.0×105 Pa at room temperature, and 
falls to a sub-atmospheric pressure when the outer tubing of the insert is cooled by liquid helium liquefied by the 
cryocooler. The heat of the sample holder is transferred to the outer tubing through the helium gas. The sensor and 
the heater are connected to the cryogenic temperature controller, which measures and controls the sample 
temperature.
Fig.3 shows a photo of the measurement setup with the cryostat and a 3-d drawing of the facility. The facility
consists of the cryogen-free cryostat, the pulsed magnet, the LN2 Dewar, the coaxial current lead and some 
supporting parts for the magnet. As shown in Fig.3, the pulsed magnet, the LN2 Dewar, the extension of the cryostat 
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and the sample holder are concentric. The pulsed magnet and the lower part of the cryostat are immersed in liquid 
nitrogen which is stored in the top-open LN2 Dewar. The supporting plates for the cryostat and the magnet are made 
from epoxy. The material of the cryostat’s vacuum jacket is 316L stainless steel. The center of the coaxial current 
lead is a copper rod, and the outside is a copper tubing. The rod and tubing are separated by epoxy.
Fig. 3. (a) Photo of the measurement setup with the cryostat, (b) 3-D drawing of the measurement setup with the cryostat.
3. Test results
Before starting the cryocooler, the vacuum-insulated chamber has to be pumped to 1.0×10-3 Pa and the air in the 
sample chamber and the other helium gas tubes have been purged with high purity helium gas. Then, we transfer
liquid nitrogen to the LN2 Dewar until the level is above the upper end of first stage cold head.  The liquid nitrogen 
cools the magnet and the lower part of the vacuum jacket. The vacuum jacket is used as a 77 K heat shield for the 
inner parts of the cryostat. The inlet pressure of the helium gas is maintained at 1 bar by adjusting the pressure 
regulator.
Fig. 4. The time dependence of the measured temperature of the cryostat during cool-down to 1.4 K
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Fig.4 shows the time dependence of the measured temperature of the cryostat during cool-down to 1.4 K. After 
operating the GM cryocooler for about 2 hours, the sample temperature is 4.2 K. About 2 minutes later, after closing 
the helium gas inlet valve and starting the vacuum pump, the sample temperature decreases quickly to 1.4 K.
Fig. 5. Temperature stability details at 1.4 K
Fig. 5 shows the temperature stability details at 1.4 K, which demonstrates that the sample temperature can be 
kept at 1.4 K for 12 minutes. The time interval in which the temperature is stable is long compared to the pulse 
duration of several milliseconds of the magnetic field pulse.
(a)                                                                                          (b)
Fig. 6. (a) 1.4 K - 20 K temperature-control curve without the temperature-control insert, (b) 1.4 K - 20 K temperature-control curve with the 
temperature-control insert
Fig. 6 shows the 1.4 K to 20 K temperature-control curves of the cryostat with and without the temperature-
control insert. Compared with the temperature-control curve in Fig.6 (a), the temperature of the cryostat with the 
temperature-control insert is easier to control and has a higher accuracy. It is seen from the inset in Fig.6 (b) that the 
temperature stability of the cryostat with the temperature-control insert is ±0.01 K in the range of 1.4 K to 20 K.
However, the temperature of the cryostat without the temperature-control insert is within ±0.02 K between 1.5 K
and 5 K and ±0.2 K between 5 K and 20 K. Experimental results show that the temperature-control insert is an 
effective tool to hold the sample temperature stable for the scientific experiments in the cryogen-free cryostat.
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Fig. 7. 20 K - 300 K temperature-control curve of the cryostat with the temperature-control insert
Fig. 7 shows the 20 K to 300 K temperature evaluation of the cryostat with the temperature-control insert. The 
inset in Fig. 7 shows, the sample temperature becomes steady after several oscillations (about 1 minute) and is stable 
within ±0.05 K between 20 K and 300 K.
4. Conclusions 
A cryogen-free cryostat based on a GM cryocooler was designed and tested for a 60 T pulsed field measurement 
cell at Wuhan National High Magnetic Field Center. The main results are as follows:
The cryogen-free cryostat can be used in a 60 T pulsed magnet with a 21 mm bore. The lowest temperature of the 
cryostat is 1.4 K. A temperature-control insert was designed to obtain a stable sample temperature. In order to 
eliminate the sample temperature fluctuation caused by the eddy current heating during the pulse, the inner layer is 
made from a fiberglass tubing with an epoxy coating. Using the temperature-control insert, the stability of the 
sample temperature is obtained: f0.01 K between1.4 K and 20 K and ±0.05 K between 20 K and 300 K. The 
cryogen-free cryostat can be widely used for scientific experiments in pulsed high magnetic fields.
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